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NOTATION 


Wieghardt coefficient, Equation [10]. 

Total drag per unit width 

Manometer reading 

Pitot-tube calibration coefficient, uv =k V2 gAh 
Denominator of exponent of power law for velocity profiles, Equation [1] 
Reynolds number, 2U)/v 

Potential velocity at outer edge of boundary layer 
Ship velocity 

Local velocity in boundary layer 

Friction velocity, V%/p 

Distance along centerline of ship from station 0 
Distance normal to hull surface 

Thickness of boundary layer 

Thickness of flat-plate boundary layer 
Two-dimensional displacement thickness 

Y%s/Vv 

Two-dimensional momentum thickness 

Kinematic viscosity of fluid 

Density of fluid 

Shearing stress at the wall 


U/ Vy 
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ABSTRACT 


Results of velocity measurements in the boundary layer of 
USS TIMMERMAN (EAG 152) are presented in this report. Measurements of 
velocities in the throat of the condenser scoop and the pressure drops across 
the condenser are also given. A generalized form of Prandtl’s equation for 
the growth of the turbulent boundary layer on a flat plate is derived for use in 


estimating the boundary-layer thickness at large Reynolds numbers. 


INTRODUCTION 


The design of USS TIMMERMAN (EAG 152) (formerly DD 828) included many innovations 
in naval and marine engineering. The ship was conceived as a mobile marine experimental 
facility where new design features could be evaluated. Provision was also made for installing 
instrumentation and scheduling tests that would provide information applicable to naval archi- 
tecture and marine engineering, in general. The Bureau of Ships requested! that the 
David Taylor Model Basin design instrumentation for and conduct a flow survey in the vicinity 
of the condenser scoop and the overboard discharge of the forward main circulating system for 
a range of ship speeds. Measurements of fluid velocity in the throat of the condenser scoop, 


pressures, and pressure drops in the condenser and main circulating system were also requested. 
These tests had the following objectives: 


1. Boundary-layer measurements in the undisturbed flow ahead of the condenser scoop and 
overboard discharge would provide valuable hydrodynamic data on the nature (i.e., thickness 


and velocity distribution) of a ship’s ndary layer. 


2. Measurements of flow direction and velocity in the immediate vicinity of the condenser 
scoop and overboard discharge would demonstrate the effect (or lack of effect) of these hull 


openings on the flow around the vessel. 


3. The measurements in the throat of the condenser scoop and of pressures and pressure 
drops in the condenser and main circulating system, could be used along with objectives 1 
and 2, to simulate conditions for model tests of condenser circulating system. Such data 


would also be useful in correlating the results of model tests with full-scale performance. 


The tests were conducted during November 1955 in the operating area off Key ‘Yest, 
Florida. 


lReferences are listed on page 18. 


INSTRUMENTATION 


The velocity and direction of flow in the-boundary layer of the destroyer were measured 
with the specially designed pitot static* tubes shown in Figure 1. These pitot tubes were 


installed at five stations near the scoop and overboard discharge, as shown in Figures 2, 3, 
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Figure 1 — Pitot Tube for TIMMERMAN Boundary-Layer Survey 
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Figure 2 — Inboard Profile of USS TIMMERMAN 


*The term pitot tube will be used throughout the remainder of this report in place of the more precise 
pitot-static tube. 


pe Shgiludinal No.5 NOTES: 
1. Pitot-static tube at Station | extends up to 24 in. from hull. 


ee Noid | 2. Pitotestatic tubes at Stations II and III extend up to 18 in. from hull. 
é 3. Condenser scoop throat cross section at Station 1V approximately 
\" ql = 23 in. by 15! in., 2-in. radius at comers. 
207 4. Manometer board for Stations | to IV located in forward fireroom. 
3-0" Buttock 5. Angles given are those measured after installation. 


6. Reference: BuShips Plan Numbers 0D828-8700-243625 and 243631. 
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Figure 3 — Pitot-Tube Locations in Forward Fireroom 


and 4. The pitot tubes at Stations I, V, and VI could be extended from 0 to 24 inches in a 
direction approximately normal to the hull surface. The pitot tubes at Stations II and III 
could be extended from 0 to 18 inches. (Station IV was a conventional Prandtl tube located in 
the throat of the condenser scoop.) The tangent planes to the hull surface at the measuring 
stations were approximately parallel to the axis of the vessel. Thus, the pitot tubes were 
extended in a direction normal to this axis. The direction of flow (in planes perpendicular to 
the pitot tube) was measured at each extension of the pitot tube by rotating the tube until 
equal static pressures were obtained at the two static holes. The static pressures were 
indicated on a manometer located near each of the pitot-tube stations to facilitate making the 
directional measurements. The flow direction was measured from a line parallel to the center- 
line of the vessel. After the pitot tube had been aligned with the flow, valves were adjusted 
to transmit the static pressure and total pressure to a centrally located manometer board. A 
velocity and direction calibration was made at the Model Basin by mounting the pitot tubes 

on Towing Carriage 5. 

Special back-lighted multiple U-tube manometer boards were used to measure the 
velocity pressure. One manometer board was located in the forward fireroom and one in the 
forward engineroom. Tetrabromethane (specific gravity~3.0) was used as a manometer 
fluid for the 5- and 10-knot measurements. Each manometer board was photographed with a 


modified Eastman 35mm Recordak camera. The cameras were triggered simultaneously. 
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Blkd94 1. Pitot-static tubes at Stations V and VI extend up to 24 in. from hull. 
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2. Manometer board for Stations Y and V1 located in forward engineroom. 
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, 3. Angles given are those measured after installation of pitot tubes. 
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4. 4-in. lipon overboard discharge. 


5. Reference: EuShips Plan Nos. 9M828-85700-243625 
and 00828-S1191-510261. 
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Figure 4 — Pitot-Tube Locations in Forward Engineroom 


At Station IV, where the Prandtl tube was located in the throat of the condenser scoop, 
velocity measurements were obtained along a single vertical line approximating the centerline 
of the throat, as shown in Figure 3. Additional instrumentation for the condenser, shown in 
Figure 5, consisted of manometers measuring static pressures and pressure differences in the 
main circulating system. The manometers for the circulating system were read visually by 


observers in the engineroom. 


BOUNDARY-LAYER SURVEY 
OBSERVED RESULTS 


The observed data are given in Table 1. Each data point represents the average results 
of four to eight pictures taken at intervals during a run. The manometer deflections used in 
computing u were the average values from the photographs corrected for parallax. This 
correction did not exceed + 0.03 inch. The average results compare favorably with the results 
of observers as recorded in the trial log books. 

For the 5- and 10-knot speeds, readings were obtained from both the mercury and 
tetrabromethane manometers. These results usually agree within 0.1 knot. An estimate of the 


reproducibility of the results can be obtained by comparing the data for the two series of runs 
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Figure 5 — Schematic Diagram of Condenser Instrumentation 


NOTES: 
1. All manometer piping 3/8 in. 1.P.S. 
2. Reference: BuShips Plan Number DD828-8700-243411. 


made at 10 knots. For some runs (particularly at Station VI in the separated flow zone aft of 
the lip of the overboard discharge) a negative manometer deflection occurred. Such readings 
are entered in Table 1 as **. 


The average temperatures prevailing during the tests were: 
a. sea water temperature, 78°F; and 
b. manometer board temperature, 105°F. 
Using these conditions: 
w=kx 1.871 VA for the tetrabromethane manometers 
and 
u=kx 4.792 Ah for the mercury manometers, 
where Af is the manometer reading in inches and w is the velocity in knots. 
The ship speed calibration was obtained by measuring revolutions over the trial course 


just prior to the boundary-layer survey runs. Speeds given for individual runs are probably 
accurate within + 0.10 knot. 


TABLE 1 


Observed Boundary-Layer Data 


Y Uy | Angle u/Up u/Uy Uy | Angle u/Up wp Uy u/Up ] Angle WU, Uy | Angle u/Up 
Station mercury | tetrabromethane mercury | tetrabromethane mercury |tetrabromethane mercury mercury 
inches | knots | degrees | manometer manometer knots | degrees | manometer manometer knots | degrees | manometer manometer degrees | manometer|| knots | degrees | manometer 

0 0 0.585 19.7 0 0.567 

0 0 0.630 19.4 0 0.639 

0 0 0.675 19.6 0 0.660 

0 0 0.702 19.9 0 0.711 

0 0 0.721 19.8 0 0.716 

0 0 P 0.765 19.7 1 0.719 

0 0 P 0.796 19.8 0 0.308 

0 0 P 0.857 19.8 0 848 

0 0 P 0.940 19.6 0 0.893 

0 P 0.958 19.8 0 0.935 

0 IP 0.969 20.0 0 945 

0 P -988 19.9 0 1.004 

0 P 984 19.8 0 1.005 

S 4 P S -637 GL |] iP 0.570 

5 %P § 0.668 19.4} 1 S$ .658 

§ P S$ 0.679 19°65 j/ 19s 0.664 

S IP S 745 IE) [Pat 8S 0.706 

Ss P Ss 0.751 IRE || als 156 

S$ P S 831 IGE |) tS 0.759 

iy P IP 0.846 I) |} i S 0.848 

y P P 869 IHS |) tS 0.857 

sy P P 932 LG || WS 0.882 

S$ i? IP 971 IG | al S 0.967 

Ny P B 0.974 ANA) |} WS 0.956 

S$ P P 0.976 IES) |) iL S 1.032 

4 P 0.625 

4 P 0.656 

4P 0.685 

P 0.700 

P 745 

P 0.751 

P -834 

P 0.852 

P .862 

0.943 

0.891 

972 

0.978 

Vv 0 .637 
Vv 0 0 105 
Vv 0 10} 0 0.734 
V 0 D 0 741 
V 0 D 2 {y) 0 0.750 
y 0 D 2 0  D 0.825 
V 0 D 20 ra) 0.878 
V 0 D 2 D D 0.920 
Vv 0 D 2 |p) D 1.017 
0 D 2 1) D 1.022 

0 D 2.50 D 1.022 

0 D 2.5D D 1.017 

0 2.50 D 1.009 

0 0.151 

0 0.270 

0 0.643 

0 0.983 

0 1.084 


**Negative manometer deflection 


DISCUSSION OF RESULTS 


The ship speed U, was used in plotting the velocity profiles in Figure 6 because the 
data did not show a potential velocity U perceptibly different from Uj. The velocity profiles 
are of the generalized parabolic shape. The only profiles showing unusual characteristics 
are those at Station VI, which was located downstream of the overboard discharge. These 
plots indicate a region of separation (probably caused by the lip on the overboard discharge), 
and show the jet of fluid injected into this region by the overboard discharge. The velocity 
profiles for Station VI are shown in Figure 6 and the data are given in Table 1, but no 
boundary-layer parameters were calculated for this location because of the irregular nature of 
the flow. 

A curve-fitting technique was used to find the values of 6 and n given in Table 2, 


with the assumption that the velocity profile was of the form 
U 
— = (9/3) 7: [1] 
Uo 

Except for the 5-knot condition, the values of 6 obtained are in quantitative agreement with 


the small amount of existing data for corresponding Reynolds numbers. ?"4 


The expression for displacement thickness 


y 
u 
* = eg 
rs) | (1 7 y; [2] 


can be used to obtain 5* by graphical integration of the velocity profiles. Substituting 
Equation [1] into Equation [2] and integrating from y = 0 to y = 6 gives 


6* = 6. [3] 


Alternative estimates of 5 which are tabulated as 6(6*) were obtained using values of n from 


the numerical analysis and values of 6* from the graphical integration in Equation [3]. 


af 
Uu U 
o | alters i 


was also determined graphically from the experimental points and is given in Table 2. 


The momentum thickness 


The values of n obtained show the effect of increasing Reynolds number, and are in 
substantial agreement with the values given in Reference 3 for full-scale measurements on 
the merchant ship SNAEFELL. These values also show agreement with extrapolated values 
of n for the tests on friction planes reported in Reference 5. Schlichting® also corroborates 
the increase of n with increasing Reynolds number for pipes. 


(Text continued on page 11.) 
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TABLE 2 


Computed Boundary-Layer Data 


5 st |o(s*) | 6 | Sep 
ches | inches | inches | inches | inches 
48 - - - 


15 np from Equation (el. 


10 


The measurements of flow angles show that the flow was essentially parallel to the 


direction of motion of the ship in the regions investigated. 


ESTIMATING THE THICKNESS OF THE BOUNDARY LAYER 


The Prandtl or Von Karman formula is often used to estimate the growth of the 


turbulent boundary layer along a smooth flat plate: 
Ope S080 e189 [5] 


However, Equation [5] was derived on the basis of n = 7 in Equation [1] and hence is 
valid for only a limited range of Reynolds numbers. To determine whether 5; would provide 
a useful engineering estimate for the magnitude of 6 on a ship a general expression was 
derived for dp as a function of n. (See Appendix.) 


iO ap i 2n 2 


34n Baa We eaten 
Spp (2,7) = a 2 eh [6] 


C(n) is a dimensionless empirical coefficient related to the friction velocity. The 


values of C(n), shown in Table 3, are given in Reference 6, as obtained from an analysis of 


experimental data by Wieghardt. 


TABLE 38 


Values of C(n) 


Equation [5] then becomes a special case of Equation [6] for n = 7. Values of n were 
obtained as a function of Reynolds number for Figure 7 from Landweber’s data.’ Values of 
5pp computed from Equation [6], using values of n from Figure 7 and C(n) from Figure 8, are 
also given in Table 2. 

The variation of C(n) and n with Reynolds number, together with Equation [6], explains 
the difficulty of detecting a variation in 5 with ship speed, as experienced by Baker? and 
Allan.® At high Reynolds numbers the simultaneous changes in C(n) and n occur in different 


directions, giving an apparent relationship 
b=Ke [7] 


where Kk is a constant. 
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Figure 7 — Variation of Velocity Profiles Exponent with Reynolds Number 
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Reynolds Number, R, 


c(n) 


Figure 8 — Variation of C(n) with Reynolds Number 


The use of Equation [6] (or similar relationship) for approximating the growth of the 
boundary layer on a ship is often necessary because of the paucity of full-scale measurements. 
Strictly speaking, Equation [6] is applicable to only the two-dimensional turbulent flow over a 
smooth flat plate in thé absence of a pressure gradient. However, much of the hull surface is 
flat, or relatively so; and in many of these regions the longitudinal pressure gradient is small. 
In such cases the use of Equation [6] will give a more realistic estimate of 6 than will 
Equation [5]. Values of n and C(n) to be used in Equation [6] are given in Figures 7 and 8, 
respectively. 
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MAIN-CIRCULATING-SYSTEM MEASUREMENTS 


The velocity profiles measured in the throat of the condenser scoop are plotted in 
Figure 9 and given in Table 4. The flow rates in Figure 10a were computed by assuming that 
the flow in the throat was two-dimensional. The flow rate versus ship speed is plotted in 
Figure 10a. The dotted line represents an extrapolation to the design condition at 38 knots. 
Figure 10a shows that the flow through the condenser varies as the 1.3 power of the ship 
velocity. This variation is possible since the scoop receives water from the boundary layer 
where the kinetic energy is less than in the free stream. 

The pressure differences across portions of the main circulating system are plotted in 
Figure 10b. The wide scatter of points is due in part to the large changes in the manometer 
readings which occurred during runs. Part of the error may also be due to recording errors by 
observers and to the difficulty of visually averaging the fluctuations. The condenser measure- 
ments were requested subsequent to the initial planning, too late to provide a unified installa- 
tion which could be photographed in the manner of the boundary-layer survey manometers. The 
fairing used in Figure 10b was chosen to use the inaximum number of data points consistent 
with making the head loss curves approximately parallel. This choice of fairing shows the 
pressure losses in the system to be directly proportional to the rate of flow through the 
condenser. Dimensional analysis and data on friction losses in piping systems show that the 
head loss should be proportional to the square of the flow rate (i.e., the square of the velocity 
through the system). Friction losses in the tubes and water boxes were calculated from data 
in Reference 8 and plotted on Figure 10b for comparison. A recent paper by Dudley® gives a 


comprehensive series of measurements on a destroyer-type vessel. 


CONCLUSIONS 


The shape of the velocity profiles measured in the boundary layer of the destroyer is 
similar to the shape of velocity profiles measured in the boundary layer of a flat plate at the 
same Reynolds number. The thicknesses of the ship boundary layer and flat-plate boundary 
layer are approximately the same at the same Reynolds number. Equation [6] provides a better 
estimate of the boundary-layer thickness than does the Prandtl formula. The data on the 
internal performance of the main circulating system are not accurate enough nor consistent 


enough to provide a basis for significant conclusions about the performance of the condenser. 
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Figure 9 — Velocity Profiles in Throat of Condenser Scoop 
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TABLE 4 — Condenser Scoop Throat Data 


T === 
y | Uy| WU | Uy 
0 4.8 | 0.1963 
0.25 | 4.6} 0.2048 
0.75 | 4.8] 0.1963 
1.75 | 5.0} 0.1884 se 15.2 | 0.0536 
4 4.8 | 0.2404 | 10.2 | 0.1532 | 10.4] 0.2129 | 15.2 | 0.3468 
6 4.7) 0.2241 | 10.6 | 0.2789 | 10.5 | 0.2994 | 15.2 | 0.4541 
8 4.7 | 0.4137 | 10.8 | 0.3438 | 10.6 | 0.3227 | 15.3 | 0.5056 
10 4.7 | 0.2835 | 10.6 | 0.4342 | 10.4 | 0.3801 | 15.3 | 0.6348 
11 4.7 | 0.2241 | 10.8 | 0.5103 | 10.7 | 0.4671 | 15.3 | 0.7150 
11.5 | 4.8] 0.3542 | 10.7 | 0.5027 | 10.4 | 0.5631 | 15.3 | 0.6989 
11.875 0.4518 | 10.7 | 0.5233 | 10.5 | 0.6240 | 15.3 | 0.6703 
0.2596 | 10.7 | 0.4926 oe 15.2 | 0.6878 
13.5 4.6 | 0.3551 | 10.3 | 0.5118 ssi 15.3 | 0.7048 
oe el 
**Negative manometer deflections 
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Figure 10 — Circulating System Performance Curves 
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APPENDIX 


DcRIVATION OF EQUATION [6] 


Using the definitions 


u 
p=— [8] 
Ux 
and oe [9] 
Vv 
4 
Wieghardt® assumed ¢ = C(n) 7”. [10] 


From an analysis of experimental results, he obtained the data given in Table 3. 


Substituting Equations [8] and [9] in [10], we can obtain 


2n 2 
We z < n+1 v n+1 11] 
C(n) y 


which gives 


2n 2 
Uo n-- i wy) n+1 
v2 = | —— — [11a] 
C(n) 2) 
for u = Uy at y = 6. 
Now, the drag per unit width is 5 
x 
na) =( “o(a)de= 9 u(U,-u) dy, [12] 
0 ) 
and the momentum thickness is 
) 
OU? -| u(U 9-4) dy. [4] 
0 


Substituting Equation [4] in [12] and differentiating the resulting equation with respect to 


Z gives 

d dé 

on De) =m) = alls aa [13] 
But 


™ =P vg. [14] 
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Integrating Equation [4], we get 


n 


ane a 
5 (1+n) (Q+n) 


Combining Equation [15] with 


To(2) n dd Wao lege alms 
p Ue : (l+n)(2+n) da ; C(n) U, 6 


Assuming 6 = 0 at 2 = 0 and integrating, we get: 


n+1 2n 2 


(2+n)(3+7) 3+n 1 3+n Vy 3+n 


n+1 2n 2 
4 (2+n)(3 +n) 3+n 1 34+n if 3+7 u 
Siseeara |!" terniltee len 


0 


A result similar to Equation [6a] was obtained by Schoenherr. ! 
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[15] 


[ 3] 


[16] 


[ 6a] 


REFERENCES 
1. Bureau of Ships letter DD828/S8 (436); EM8/A2-6 Serial 436-136 of 27 Apr 1953 to 
David Taylor Model Basin. 


2. Wylie, C.R., ‘‘Advanced Engineering Mathematics,’’ McGraw-Hill, New York (1951) 
p. 533. 


3. Baker, G.S., ‘‘Ship Wake and the Frictional Belt,’’ Transactions, North-East Coast 
Institution of Engineers and Shipbuilders, Vol. 46 (1929-30) pp. 83-106. 


4, Breslin, J.P. and Ellsworth, W.M., Jr., ‘‘Progress Report Research on Main Injection 
Scoops and Overboard Discharges,’’ David Taylor Model Basin Report 793 (Sep 1951). 


5. Allan, J.F. and Cutland, R.S., ‘‘Wake Studies of Plane Surfaces,’’ Transactions, North- 
East Coast Institution of Engineers and Shipbuilders, Vol. 69 (1952-53) pp. 245-266. 


6. Schlichting, H., ‘‘Boundary Layer Theory,’’ McGraw-Hill, New York (1955) Chapter XX. 


7. Landweber, L., ‘‘The Frictional Resistance of Flat Plates in Zero Pressure Gradient,”’ 
Transactions, Society of Naval Architects and Marine Engineers, Vol. 61 (1953) p. 16. 

8. Gaffert, G.A., ‘‘Steam Power Stations,’’ McGraw-Hill, New York (8rd ed. 1946), 
Chapter 4. 

9. Dudley, S.A., ‘‘Flow Characteristics of Main Condenser Scoop Injection System Based 
on Shipboard Tests,’’ paper read before New England Section, Society of Naval Architects 
and Marine Engineers (May 1958), 

10. Schoenherr, Karl B., ‘‘Resistance of Flat Surfaces,’’ Transactions, Society of Naval 

Architects and Marine Engineers, Vol. 40 (1932) p. 282, Equation [11]. 


18 


Copies 


11 


CHBUSHIPS 
3 Tech Info Pr (Code 335) 
Tech Asst (Code 106) 
Appl Sci (Code 340) 
Ship Des (Code 410) 
Prelim Des (Code 420) 
Mach, Sci & Res (Code 436) 
Heat Exchangers (Code 651C) 


OMRON 


CHBUWEPS (R) 
2 RAAD-3 


CHONR 
2 Fluid Dyn (Code 438) 


NAVSHIPYD BSN 
NAVSHIPYD CHASN 
NAVSHIPYD MARE 
NAVSHIPYD NORVA 
NAVSHIPYD NYK 
NAVSHIPYD PEARL 
NAVSHIPYD PHIL 
NAVSHIPYD PTSMH 
NAVSHIPYD PUG 

CMDT, USCG 

CO & DIR, USNEES 

CO & DIR, USNUSL 

CO, USNUOS, Des Sec 

COR, USNAVTESTCEN 
CDR, USNWPNLAB, Dahlgren 
CDR, USNOL, White Oak 
CDR, USNOTS, China Lake 
CDR, USNOTS, Pasadena Annex 
CDR, ASTIA, Attn: TIPDR 
DIR, USNRL 

DIR, NASA 

DIR, Langley Res Ctr, NASA 


DIR, Marine Physical Lab, 
Scripps Inst of Ocean, Univ 
of Calif 


DIR, lowa Inst of Hydrau Res, 
State Univ of lowa 
1 Dr. L.A. Landweber 


DIR, Inst for Fluid Dyn & Apol Math, 
Univ of Md 
1 Prof. J.R. Weske 
1 Dr. F.R. Hama 


DIR, DL, SIT, Hoboken 
DIR, ORL, Penn State 


DIR, Robinson Model Basin, Webb Inst of 


Nav Arch 


DIR, Exper Nav Tank, Dept NAME, 
Univ of Mich 


INITIAL DISTRIBUTION 


DIR, Inst of Engin Res, 
Univ of Calif, Berkeley 


DIR, Hydrau Lab, Colorado St Univ, 
Ft Collins 


DIR, St Anthony Falls Hydrau Lab, 
Univ of Minn, Minneapolis 


DIR, WHOI, Woods Hole 


SUPSHIP, Chief Nav Arch, Elec Boat 
Div, Genl Dyn Corp, Groton 


SUPT, USNAVPGSCOL 
Admin, Maritime Admin 
Head, Dept NAME, MIT 


NNS & DD Co 
1 Asst Nav Arch 
1 Dir, Hydrau Lab 


Chief Nav Arch, Bethlehem Steel Co, 
Shipbldg Div, Quincy 


Chief Nav Arch, New York Shipbldg 
Corp, Camden 


Chief, Natl Hydrau Lab, Natl BuStand 
Hydro Lab, Attn: Exec Com, CIT, Pasadena 


Bath Iron Works Corp, Bath 
1 Mr. S.A. Dudley 


Foster Wheeler Corp, New York 

Gibbs & Cox, Inc, New York 
Westinghouse Elec Corp, Philadelphia 
Editor, App! Mech Review, San Antonio 


Editor, Bibliography of Tech Reports, 
OTS, U.S. Dept of Commerce 


Editor, Engin Index, New York 

Librarian, SNAME, New York 

Librarian, Franklin Inst, Philadelphia 

Librarian, Engin Soc Library, New York 
Librarian, Inst of Aero Sci, New York 

Librarian, Pacific Aero Library, IAS, Los Angeles 
Librarian, Reed Research, Inc 

ALUSNA 

BSRA 

Dir, Hydrau Lab, NRC, Ottawa, Canada 

Dir, Bassin d’Essais des Carenes, Paris, France 


Dir, Institut de Recherches de la Construction 
Navale, Paris, France 


Dir, Nederland Scheepsbouwkundig Proefstation, 
Wageningen, The Netherlands 


Dir, Institut fur Schiffbau der Universitaet 
Hamburg, Berliner Tor 21, Hamburg 1, 
Germany 


tg 


Copies 


Superintendent, Ship Div, NPL, Teddington, 
Middlesex, England 
1 Mr. R.S. Cutland 


Dir, Admiralty Experimental Works, Haslar, 
Gosport, Hampshire, England 


Dir, Admiralty Research Laboratory, 
Teddington, Middlesex, England 


Dir, Canal de Esperiencias Hidrodinamicas, 
El Pardo (Madrid) Spain 


Dir, Skipsmodelltanken, Trondheim, Norway 


Dir, Statens Skeppsprovningsanstalt, 
Goteborg c, Sweden 


Librarian, NE Coast Inst of Engrs & Shipbidrs, 
Bolbec Hall, Newcastle Upon-Tyne, 1 
England 


"sequin 
sprouhey odav] 98 sseuyoryy JeABy Avepunog ey) Suryeuityse 

UI 8SN JO} peatiep st e78]d 4813 B uo JoAB] Arspunog yuezNqiny 
94} JO yyMoId OY 10} UOIZENboe S,]}puBIg JO WIO} pezI[ssoued 

YW “UeATT OS]B O18 JesUepuOd oY) SsO108 Sdo’p eanssead oY} 

pus dooos sesuepuod ey} JO 480149 OY} UI SELWTOO][eA Jo Squeuio’n 


“sue "j10de1 sty9 ur pequesezd eas (297 DVG) NVAAENWIL SSa 
Jo 19Aey Aispunog ey) ul syuewemsseu AjID0]EA JO Syinsoy 


80 80 €T04-S “DI 
"fg yd[ey ‘uenq *]] 
"TT plogJITO ‘eskeg *] 
(291 DVO 
drys o[Isstw onsty]eq 
491) 'S'N) NVAUANNIL °F 
ieAvy Arspunog — sdiyg *g 
quewemnsvey | QaIMISSVIONN 
— AjloojeA — MOT] PINTA *G | *sJed ‘seTquy ‘*saderp “*sojoyd “snqyr ‘det ‘At ‘O96T Sny ‘senq 
quoweinseoy “pf ydjey pus ‘a ‘oakeg ry projztiO Aq “(88d-Xa) (2st OVE) 
— aoXey Aiwpunog *T | NVNYANWIL SSM NO NOILVOILSHANI YAAVT-AUVGNNOG 
*OZL| Hodey ‘ulsog japow sojADy plang 


*siequinu 
spjoudey edavy 48 sseuyory) seAe] Aaspunog ey} duryeuWIys0 
UI ESN JO} poATsop st o78{d 4813 B uO soABT Aaspunog yuetnqany 
ey} JO 4}MOIT OYY JOJ UOTENbe s,]}puBsg JO WO} pezI;Bieued 
"rT plOJ}ITO ‘eakeg *] Y ‘HOAId Os[8 ere Jesuepuod EY} Ssoso’ SsdoJp emsseid oY} 
(2ST DV pus dooos sesuepuoo 04) JO 48014} OY} UI SOTIIOO]OA JO SyuemeIN 
drys eprsstm onsryieq ~B8eW “q10ded sty) ul peyuoseid eae (297 OVA) NVNYGNNIL ssn 
1997] 'S'D) NVWYGAANIL °F Jo JAB] Aaepunog oy) ur squewemssom Aj100]0A Jo sy[nsexy 
1ehe] Arspunog — sdiyg "g 
queweinsseW | GHIAISSVTONO 
= AyroojeA — MOTJ pINTA *% | *sjoa ‘se[quy ‘*saderp ‘*sojoyd ‘*snq]I ‘dey ‘AT ‘O96T Bny ‘3Wenq 
queUIeINsBeW *p udjey pues va ‘exkug “Ty proyjr19 Aq ‘(8¢8aa-xa) (2ST Ova) 
— 10X48] Alepunog *T NVWYGWNIL SSA NO NOILVOIMLSAANI YMAVT-AYVGNNOT 
*OZL| sedey ‘ulsog jepow s0jADy plang 


80 80 @T04-S “Il 
"g ydysy ‘eng ‘yy 


*siequinu 

spfoukoy odie] 48 Ssouyory) soAB] Arspunog ey3 suyenyse 

UI @BN 10} peatsep sr oyBId 48]j B UO 1eABT Ayepunog yweynqany 

04} JO YyMoud OY} Joy UOTWeNbe 8,[);puBsg JO MIO} pezijsioued 

y ‘ueAId Os, o18 JesuepuoD ey} SsOI08 SdoJp eanssoeid O43 

pug dooos sesuepuoo oy} JO 48019) OY} UI SELWTOOTeA JO SzueuEan 

-svow ‘qodea styy ur peyuesead eas (297 OVE) NVWAGWNAIL Ssh 
Jo aeAvy Asepunog oy) ul syuemMemMsBoul A{IO0[eA JO Sx[NSoy 


80 80 €T04-S “Ill 
"¢ ydjey ‘ueng “II 
"TT paogyriO ‘eakeg “] 
(gat DVa 
drys essa O19st][/ eq 
ee] "S') NVNAGWWIL *% 
yoXey Aaspunog — sdiyg °g 
queueinssew | GATMISSVTONN 
— AyLo0]eA — MOT} PINJA °G | *Sjoa “seTqey fsaderp ‘sojoyd ‘*sniyt "det ‘AT “O96T any ‘sieng 
quoueinsEoW “p ydyey pus ‘ap ‘erkeg “I pi0yyi19 Aq “(8¢8ad-Xa) (29T DVG) 
— s0ke] Arepunog “Tt NVANYSNNIL SSA NO NOILVOILSHANI YUAVTAUVGNNOS 
: "OZL| Hodoy ‘ulsog japow sojADy plang 


*saequinu 

spjoudey odavy] 48 Ssouyoryy JeAB] Arepunog eyy Burjeuryse 

UI ESN JO} peatsep st eyeyd 4eTj 8 uo s9XB] Aaspunog yueznqang 

ol} JO yyMoad ey) 10} UOTWeNbe s,[)puelg JO WO} pezt[Bieued 

Y ‘UALS OS]B eB JesuepuoD ey} Sso108 sdoxp eansseid ey} 

pue dooos iesuepuoo ey} JO 48014) OY} UT SET}TOO]EA Jo SqueMeIN 

sve, ‘j40des sty) ul peyuesead oie (497 DY) NVNYAWNNIL SSN 
jo 10Xe] Aaspunog ey ur syuewesnsvem AjIO0{eA JO Sq[nsey 


80 80 8T04-S “III 

"fg ydjey ‘ueng “TI 
"TT pqojsITO ‘eakug *] 
(391 DVa 


drys eyIsstu 91st] sq 
708]) "S'N) NVNSANNIL “% 
soe, Aspunog — sdiyg °g 
queweinssey 
— AyooTeA — MOT] PINTA *Z | ‘sjos ‘seTqey ‘*sideIp ‘*sojoyd ‘*snqjt "dept ‘At "0961 dny ‘suenq 


GaI4IssvTONN 


"p ydjey pus ‘ap ‘orkug “ry projstfO Aq ‘(8¢8dd-Xg) (29T OV) 
NVWYSWNNIL SSA NO NOILVOILSGANI YAAVT-AUVGNNOG 
*OZL| wodey ‘ulsog japow 40]AD] pang 


queuleanseoy 
— seAvy Arepunog ‘T 


hy ips 
q ints! 
- , WP 
ia ¢ rar, 
ry q 
{ a f 7? 
° ea = 
5 : 7 au 
L a 3 
aw . : 
thi erty 


uy 
D a 
1 Sl li 


ys 


Danna ner mcereccasccececornces 


Parsee ere eos DOOX SIF 2 wae Cy Sener te SAS ee Se ONE tt Ot Yay Yet ic ee (Serr nr ie cre ter Yer) 


*siequinu 
spjousoy odiBy 48 SsouyoIY} JeXe] ArBpunog oy) SuBuUIySe 

UI 98N 10} peAlsep St 938]d 48]j B uO 1eXB] Awpunog queznqiny 
64} JO YAOI oY) 10} UOIYENbe s,]}puBIg JO WIoy poezi;Biceucd 

V ‘“UeAId OS] O38 JeSUepuod oY) SsOJOv Sdosp oinsseid ey) 

pus doods iesuepuod ey} Jo 48014) EY} Ul SOT}IZO[eA Jo squemoein 


“Seow “qodes styy ur peyuesead eae (641 DV) NVWYANWIL SSA 
jo 10A8] Aaepunog oy} ur squeueMsveM AjID0[EA JO Sz[nsoy 


80 80 €104-S “III 
"rf yd[ey ‘ueng “]] 
“TT PloysITO ‘eakeg *] 
(28T OVA 
drys eyISsim ONst]]eq 


9ee]J “S') NVWUGWAIL “> 
ieXey Aiepunog — sdiyg ‘¢ 


queweinsvew | GaIAISSVIONA 
— AyOOJ@A — MOT] PINTY °G | *Sjoa ‘sopquy ‘*saderp ‘sojoyd ‘-snqyr “dey ‘At ‘O96T Sny ‘asonq 
queweinseey "pf ydjey pus ‘ip ‘eakeg “ry proyytqQ Aq ‘(838aa-Xxa) (2¢T DVa) 


— aeXe] Alepunog “T | NYWUAWNIL SSA NO NOILYDILSHANI YAAVI-ANVGNNOG 


“OLZLL sodey ‘ulsog japow s0jAny pang 


*sJequinu 
Spjoukey odie] 48 SseuydIY} JeAB] Arepunog oy} duryeWtyse 

UI ESN JO} peAtiep st 678]d 4eTj B UO JeABT, AJepunog yueTNgGINy 
84} JO YIMOIs OY) 10} UOWWeNbe s,;;puBig JO MIO] pezI;Bieued 

Y ‘UOAIS OS][8 exe JeSuepuOd oy} Ssos0¥ sdoip eimsseid oY} 
pus dooos sesuepuod 04) Jo 480144 OY} UL SOTZIDO][CA JO SyueuIO 


“See, "j10d01 sty) ut peyuesead oie (ZG, OVA) NVWAANWIL sso 
jo 190A] Arepunog 94} Ul S}HOMemMsSBoU AyIDO[eA JO Sy[NSoy 


80 80 8104-S “HI 
"f ydjey ‘uieng “]] 
"TT PIOJIIO ‘e1keg °] 
(2st DVa 
diys ejIsstu O1981]]8q 


1887) °S'N) NVAYANWIL *F 
ieXkvy] Aiepunog — sdiyg “¢ 


juewemsvew | GaIMISSVIONA 
— AqroojeA — MOT} PINT °S | *sjoa ‘setquy ‘sadetp ‘-sojoyd ‘-snqjr “dey ‘Ar “O96 Sny ‘asenq 
quouloinssoyy "f ydyey pus “ap ‘eakug “Ty projjiqO Aq “(828aq-Xag) (2ST DVa) 


~ dekey Arepunog “7 NVAYAANWIL SS NO NOILVOILSHANI YHAY T-AUVGNNOG 


“OZLL MOdey “ulspg jepow s0yADy plang 


—-e— = — = 


*siequinu 

spjoudey edie] ye ssouyory) seAeT Arepunog ey} Surjeuiryse 

UI ESN JOJ poatiop St o7¥{d 4BIJ B uo aeAB] Arspunog yue;ngGmy 

04} JO YyMoId oY} Joy UOTWeNbe s,[j}puBig JO WIoy pezt;waoued 

Y ‘WeAId Os] O18 JesUepuoD ey} SsoioB sdosp einssoid OY3 

pus dooos 1esuepuo0o oY JO 480193 OY} UL SE1ZID0[0A Jo SyueuIoiN 

“sve “yiodei sty) ut peyuesead ore (3g, NVA) NVYWYANWIL SSA 
jo 10Av] Arepunog oy ur squewemsveul AjID0[OA JO 87[NSey 


80 80 eT04-S ‘III 

*f yd[sy ‘ueng “II 
"TT ployyt[D ‘eikeg *] 
(291 DVa 
diys S[ISsim 919SI]]eq 


qeet) "S') NVWHANNIL “% 
aeAv] Aispunog — sdiyg *g 


quewemseey | CAIMISSVIONA 
— AqOoJeA — MOLY PINTA °G |*sJex ‘seqquy “suderp ‘*sojoyd ‘snqyr “dey ‘At ‘O96T Sny “ZENG 
quewoinsBey "p ydjey pus ‘ap ‘eskug *"y projyt[O Aq ‘(8a8ad-xa) (2aT OV) 


— qokey Arepunog “7 NVWYANNIL SSM NO NOILLVOILSHANI YUAVT-AYVGNNO 


"OZLL uodey “ulsog jepow s0jADy plang 


*syequinu 

Spjoudey odie] 98 SsouyoIy) 1oAB] Ayepunog ey4 durWeUIIySe 

UI OSN 10] peatiep st 678]d 4B7j B uO JeAB] Arepunog 4yuezNginy 
64} JO yjMOIT Oj JO} UOMENbe 8,[3puesg JO M10} pezi{viousd 

YW ‘UeAIS OS][e O18 Jesuepuod eyy Sso108 sdoip einsseid oY} 
pue dooos sesuepuod ey} JO 48014) SY} UI SE1}TD0[eA Jo SsquenIeaN 


“seep “jiodes sty3 ur peyuesead ov (297 OVA) NYWAYAWNIL SSO 
jo aeAzy Arspunog eu} ur syuewemsvoeu AjID0{eA JO Sz[nsey 


80 80 €104-S “II 

“f qd[ey ‘ueng “]] 
"TT p1ozsITO ‘eskug *] 
(291 DVO 


drys oyIssim o1styEq 
9297) “S') NVWYAWNIL “% 
roXvy Aiwpunog — sdiyg *g 
quomlesnsBo; 
— AqroojeA — MOT} PINTA °G 
JUSHIEINSB SOW] 
— sekey Arepunog ‘T 


GaldISSVTONO 
*sjer ‘so[qe) ‘‘saderp ‘*sojoyd ‘*snqjr “det ‘at ‘O96, Sny ‘seng 
"fp Udjey pus “ap ‘erkeg “ry proyyt1O Aq ‘(868Gq-Xa) (2st NVA) 
NVWHANWIL SSM NO NOILVOLLSHANI HHAVT-AUVGNNO 
*OZLL Hodey “ulspg jepow sojAD] plang 


ae 

—- ae 
-_ 7 a 
a 


si : 
| Paty | 
es an 77 ; " 


i i eae 
iC] : i 


=e 4 - 


So yee 


eae ee 


——— 


ine mae At 
ae pte wee 


i eee 36 Dy ain. a atin) ang, © Se Veer _ i 4 


> 


80 80 


£T0d-S “HT 


"pe ydjsy ‘uieng ‘jy 
“TT ploysiTO ‘eskseg *] 


(s9T DVa 


digs e]Isstw o14SI]]8q 


929) "S'N) NVAYAWNIL “> 
ioAuj Arepunog — sdiys *¢g 


que 


weinsBey 


— AjIOOTeA — MOT] PINT °*Z 
queueinsvoy 
— she] Aspunog °*T 


80 80 


“f ydjsy ‘eng 
“TT plojjt1D ‘eakeg 


€T0d-S “HI 
‘II 
‘| 
(291 DVa 


digs OTISsim O14SI]]eq 
19913 “S"Q) NVWUENWIL “> 


seAe] Aispunog — sdiys *g 
queweinssoy 

~ AOoTeA — MOT] PINTA *G 
queweinssoy 


— zeke] Aispunog ‘T 


Fete em ecitreatercaeoscore2zeeace 


*siequinu 

Sprousey odiB] 48 SSeuyoIY} JeABy] Aepunog ey) SurnBUIySe 

UI ESN JO} PeAtiep SI e7Bjd 4B]J B uO JoAB] Arepunog yuezNqany 
84} JO YIMoId 64) 10} VOMeNbe s,;ypuBIg JO WI0} pezI;vioucd 

Y ‘UeAIs OS]B O18 JeSUepOD EY) SsoO10B sdoxp emssod eYy 
pus dooos sesuspuod oY) JO 48014} OY) UT SeEI}IDO[EA JO Suomen 


“BeeW “q1ode1 sty3 ur pequesead eae (Z¢T DOVE) NVNAGWAIL SS 
jo 10A8] Arwpunog ey} ur syuememsvom AjID0]0A Jo s}[nSsey 


GaldISSVTONA 
*sjoi ‘se[qe} ‘*siderp ‘*sojoyd ‘-snqjr ‘dey ‘Ar ‘O96, Sny ‘asenq 
"f udyey pus “ap ‘eakeg *T p10yj110 Aq ‘(868Gd-xG) (2st DV) 
NVAYAWAIL SSA NO NOILYOILSHANI YHAVT-AUVGNNO 
“OAL HOdey ‘ulspg japow s0;AD] prang 


*sJequinu 

spjousey odie] 48 Ssouyory) 1eXe] Arepunog oy} SuNeuIySe 
UI OSN JO} poATJep st o78]d 4B]J B uO JeAB] ArBpunog yuezNqany 
647 JO YyMOIs 64) 10} UOWeNbe s,,}puBsg JO MIO} pozI[sioucd 


V ‘WeAId OS] Or8 JeSUepuOD ey) Ssoi08 Sdojp omssoid oY) 
pus doods iesuepuod oY} Jo 48014) OY} UI SOI}IDO[EA Jo Squemem 


“sueW “qiodel sty} ur poyuesesd eae (44, DYE) NYNYANWIL SSh 


Jo 1ohe] Arepunog ey} ur synememsvoeu Aj1D0]0A Jo S}[NSey 


GUIdISSYTONN 
“sje1 ‘se[qu) ‘*sadetp ‘*sojoqd ‘*snijr ‘det ‘Al ‘096T 2ny “aseng 
“f Ud[ey pus “ap ‘eikeg “J projy1Q Aq “(9g8ad-Xxa) (2st DVa) 
NYNYAANIL SSA NO NOILVSILSHANI YAAVT-AUVGNNOG 
"OAL edey “ulsog japow s0jAD] piang 


CASHEL KOH Haart eeetarecce 


80 80 €104-S 
“¢ qdyey ‘ueng “iI 
“TT psoygi{O ‘eskug *] 
(ca. Va 
drys eyIsstw Ost], eq 
4097) "S') NVWHANAIL “F 
soAvy Arspunog — sdiyg °g 
qUSHIOINSsSW 
— AqyooyeA — AOTj PiInTY °G 
JUSUISINSBOW, 
— 1ohe] Aiepunog °T 


“lll 


80 80 STO0H-S 
*c yd[ey ‘ueng “"] 
"TT ploygITO ‘eakug *] 
(2st ova 
drys ejyisstm o1sr]eq 
72°13 °S'N) NVNUGNAIL “PF 
jefe] Aispunog — sdiyg *¢ 
quemieinSsvey 
— AqloopeA — MOT] PTA °*S 
jueneinssey 
— iofke] Axepunog *{ 


“III 


easter ose esate owe mame an 


“sequin 

Spjousey odie] 48 Sseuyory) seAey Arepunog ey) JurjemM1780 

UI O8N JO} peatiep sr o48{d 4e]J B uo JeAB] Aawpunog yue;nqIn} 

64} JO YyMosd OY} Joy UOMwNbe s,[;pueIg JO WIOY pezI{sacuSd 

YW ‘UOAId os[s oie 1esuepuod oY} ssoi08 sdoip emsseid 9Y} 

pus dooos 1esuepuod 643 JO 480143 O49 UI SEIZIOOTEA Jo SyueHEM 

-B8eW] “j10de1 sty) ur peyuesead eae (Z¢T NVA) NVAYGNAIL Ssn 
jo Jovy, Aiepunog oy) ut syueMoemsveu AyID0]eA Jo S7;nNSeyy 


GaIdISSVTONN 
*sjoa ‘so[quy ‘*sisdeip ‘*sojoyd ‘*snyjt “dey ‘ar “0961 Sny ‘szsenq 
"fe udjey pus “ap ‘erkug *T proyst{O Aq “(8680d-xa) (91 OVE) 
NVAWYGNNIL SSA NO NOILVOILSHANI YAAVT-AUVGNNOT 
"OZL| Hodey “ulsog japow sojAD] pjang 


*siequinu 

SpjouAey odiB] 48 SsouyoIyy JeAB] Arepunog oy) Suneuyse 

UI OSN 1OJ PoAtiep st eyed 4B]j w uO 1eAB] Aaspunog juezNginy 

64} JO yjMOId O43 JO} UOMeNbe s,;}pueIg JO WO} pezi;Bieued 

VY ‘UeAIS OS[8 O18 JeSUSpuOD oY} Ss0108 sdoip oinsseid oY} 

pus dooos iesuepued 43 JO 48014} OY} UI SeTRIOO[EA Jo squemoem 

“See “Wodes stq) ur pequeseid eae (4g, Dva) NVWAAWAIL So 
jo 1X8] Arepunog oy} ut syueMemsvem AjIOO[eA JO Szjnseyy 


GUldISSVTONN 
“sje ‘se]qzq ‘*siderp ‘*sojoyd ‘*snijr “dey ‘Ar ‘096, Sny ‘sieng 
“fe Udjey pus ‘ig ‘oukeg “rT pr0jj119 Aq “(868Gd-xa) (69T OVA) 
NYNYENNIL SSA NO NOILVOILSHANI YUAVT-AYVGNNOG 
*OZLL sodey curspg japow sojAD] plang 


Carats eos aaektoesacanasca e@Tt aa earecercaseanenoased 


ses 


